(N A" A— C 1 
TFCHhl x 1 
s U K r- AC t 
I n ter i in 



DEVELOPMENT OF INSPECTION TECHNIQUES 
FOR QUANTITATIVELY MEASURING 
SURFACE CONTAMINATION ON SRM HARDWARE 
INTERIM REPORT 


October 13, 1989 


Prepared for: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
GEORGE C. MARSHALL SPACE FLIGHT CENTER 
MARSHALL SPACE FLIGHT CENTER, ALABAMA 35812 

Contract No. NAS8-30490 
DR. No. 3-5 
WBS.No. HQ301 18 02 


Morton Thiokol Inc 

Aerospace Group 

Space Operations 

P.O. Box 707, Brigham City, Utah 84302-0707 (801) 863-3511 


inspection 


FORM TC 4677 (REV 1-88) 

r -l -i WO?) J r V E L 0 P M E N T 

{)t \ rup quantitatively measuring 
NT am I NAT ION <jN S . 
j y or t (Morton Thiokol.) 


L 

K P 


2A1 P - , 

C SC L 140 r,j/jo 




N 9 G— 1960b 

Unc 1 as 

0 2 7 h 6 1 



’ DOC NO . 
TITLE 


TWR-50087 

LSDI-90-08 


vol REV 


DEVELOPMENT OF INSPECTION TECHNIQUES 
FOR QUANTITATIVELY MEASURING 
SURFACE CONTAMINATION ON SRM HARDWARE 
INTERIM REPORT 
October 13, 1989 
PREPARED BY: 


tf'D. 


I 




R. D. Law 
Spectrochemical Analysis 



/P i 


2M- 


M. Diet&f Supervisor 
Spectrochemical Analysis 


r 


R. Furrows 
Project Engineer 





V. W. Fitfeh 
Design 





J. R. Braithwaite 
Flight Certification 

R. D. Larson 
System Safety 


'7*m£. — 

I. N. Black 

Test Plans and Reports 

fid 3 - 90 

P. C. Tyd^ek 
Release ECS SS tuS8 


Morton ThiokoL. INC. 


Wasatch Operations 

P.O. Box 707, Brigham City, Utah 84302 (801)863-3511 
RESEARCH AND DEVELOPMENT LABORATORIES 


T.aboratorv Services Department 


pruimihary 


FORM TC NO. 1810 


77foo&o€ CORPORATION 
SPACE OPERATIONS 

table of contents 



1.0 INTRODUCTION 

2.0 OBJECTIVES 

3.0 EXPERIMENTAL METHOD 

4.0 CONCLUSIONS (PHASES I AND III ONLY) 

5.0 RECOMMENDATIONS 

6.0 DISCUSSION 

NVR Blank Extractions, Tables IV-XXIII 

Extraction of Contaminants From Wipers, Tables XXIV-XXXI 

Comparison of Soxhlet Extraction Versus Boiling-Shaking 
Extraction, Table XXXII 

FTIR Spectra of NVR Blank Extractions, Figures 1-36 . . 

FTIR Reference Spectra of Contaminants, Figures 37-44 

FTIR Spectra of HD-2 Grease Extracts, Figures 45-69 . . 

FTIR Spectra of Fluorocarbon Grease Extracts, Figures 
70-92 

FTIR Spectra of Hydraulic Oil Extracts, Figures 93-115 

FTIR Spectra of Silicone Oil Extracts, Figures 116—134 

FTIR Spectra of Mineral Oil Extracts, Figures 135-152 

FTIR Spectra of DOP Extracts, Figures 153-170 • • • • 

FTIR Spectra of Vinyl Tape Adhesive Extracts, Figures 
171-188 

FTIR Spectra of Teflon Tape Adhesive Extracts, Figures 
189-206 

DISTRIBUTION 


1 

1 

1 

3 

4 

5 
7 

30 

38 

39 
75 
83 

108 

131 

154 

173 

191 

209 

226 

244 


REVISION 


DOC NO. 

sic 


TWR-50087 


PAGE 


VOL 


i 



-77Uo&o€ CORPORATION 
SPACE OPERATIONS 


development of 
measuring 


INSPECTION TECHNIQUES FOR QUANTITATIVELY 
SURFACE CONTAMINATION ON SRM HAREMARE 
INTERIM REPORT 


R. D. Law 


1.0 INTRODUCTION 

eri; slss&?" 

cleanliness o any d. “^^^Uccnes. plasticisers, 

i£>: 2MU S& ^dfeers^ti^ 2Ss 5£ 

2£ alloys^ glass/phenol ic , carbon/phemlic. NBB/asbestos-silica. and 
EPDM rubber. 

This interim report covers work performed ino-jOjt 

^iSr^Si ^a^eport 5) . 

OBJECTIVES 

TO identify and select wiper cloth materials which are suitable for 

srsasas ss^ ? «S £g£t ~ with 

selected wiper clothmterialsandw^hhard^re^urface^ 

Mnatio^for t «moval^of C selIcted 1 contamirwnts C from each^hardware 
^develop analytical methods for the isolation and identification of 

technique suitable for all SRM hardware. 

3 . 0 EXPERIMENTAL METHOD 

This study is being pursued in five phases, as follows: 

3.1 Phase I. Wiper Cloth/Solv ent Compatibility 

The wiper cloth -“rials evaluated 

SS^cially available wiper materials which were evaluated is 
given in Table I. 


2.0 

A. 

B. 

C. 

D. 

E. 
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Solvents evaluated included 1 , 1 , 1 -trichloroethane (methyl chloroform) , 

1 1 2-trichloro-l , 2 , 2 -trifluoroe thane (Freon TF), and methyl ethyl ketone 
(MEK). Methyl chloroform and Freon TF were selected because of non fla®- 
inability, comparatively low toxicity, and widespread use in contaminatio 
control* MEKis included because of its widespread use in cl ** n * n 9J^? 
surfaces and because chlorinated solvents frequently swell and/or decade 
rubber Although Freons are reportedly compatible with aluminum surfac , 
ifX HEK will be needed here also. High purity clean room 

grade solvents were employed. 

Hie compatibility of each wiper cloth with each solvent was determined by 
Sking^peated extractions followed by determination of the amount and 
nature of the material extracted. 


3.2 Phase II, Hardware/Solvent Compatibility 


Wiper cloth/solvent combinations which appear most acceptable from Phases I 
and III will be applied repeatedly by hand to clean experimental test 
panels of the following materials: 


D6AC steel 
Aluminum alloy 

Phosphoric acid anodized aluminum alloy 
Fiberglas-filled phenolic 


Carbon fiber— filled phenolic 
NBR/asbestos-si 1 i ca 
EPDM rubber 


After air drying, the surface of the test panels will be examined micro- 
scopically tot any evidence of corrosion or degradation. The wiper cloths 

will also Y be extracted and the amount and nature of ^ ^not^erorted 
will be determined. This work has not been completed and is not reported 

herein. 


3.3 Phase III, Cloth Extraction Study 

Wiper cloth/solvent combinations which appear most acceptable will be 
employed to develop suitable cloth extraction techniques. 

Wiper cloth samples were doped with known amounts of the following 
contaminants : 


HD-2 grease 
Hydraulic oil 
Silicone oil 
Di octyl phthalate ( DOP ) 


Fluorocarbon grease 
Mineral oil 
Vinyl tape adhesive 
Teflon tape adhesive 


Suitability of wiper/solvent combinations selected from Phase I was deter 
mined for each contaminant from a combination of Fourier transform infrared 
(FTIR) identifiability plus percent recovery. 


3.4 Phase IV, Cleaning Efficiency Study 

Clean test panels of the below-listed materials will be doped with known 
amounts of the below— listed containments: 
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Hardware Surface 


Contaminant 


D 6 AC steel 
Aluminum alloy 

Phosphoric acid anodized aluminum alloy 

Glass/phenol i c 

Ca rbon/phenol i c 

NBR/asbestos-silica 

EPDM/rubber 


HD-2 grease 
Hydraulic fluid 
Silicone oil 
DOA 

Fluorocarbon grease 
Dust (soil) 

Mineral oil 


Usinq the appropriate wiper cloth/solvent combinations selected during 
Phases I through III, repeated wiping operations will be conducted using 
fresh solvent and a fresh cloth each time. Using cloth extraction tec 
niques developed in Phase III, the best wiping techniques and number of 
wipes needed for recovery of contaminant will be determined. This work has 
not been completed and is not reported herein. 


3.5 phase V Final Method Verification 

Using test methods formulated during Phases I through IV , the final inspec- 
tion technique will be verified by application in the field for each har 
ware surface. Parameters to be evaluated and optimized will include size 
of surface, number of surfaces, location of representative surfaces, number 
of wiping operations, and overall precision (repeatability) of the total 
technique. This work has not been completed and is not reported herein. 


4.0 CONCLUSIONS (PHASES I AND III ONLY) 

4.1 The wiper/solvent combinations of greatest potential interest for 
HD-2 grease were: 

Mi raclewipe/methyl chloroform 
Fabwipe/methyl chloroform 
Alphawipe/methyl chloroform 
Polx 1200/methyl chloroform 

4.2 The wiper/solvent combinations of greatest potential interest for a 
fluorocarbon grease such as Krytox 240AZ were: 


Miraclewipe/Freon TF 

Polx 1200/Freon TF or methyl chloroform 
Fabwipe /Freon TF 

4.3 The wiper/solvent combinations of greatest potential interest for 
hydraulic oil were: 

Fabwipe/methyl chloroform or MEK 
Alphawipe/ Freon TF 
Q-Tips/Freon TF 

4.4 The wiper/solvent combinations of greatest potential interest for 
silicone oil were: 
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Anticon/methyl chloroform or Freon TF or MEK 
Miraclewipe/Freon TF or MEK 

Fabwi pe/me thy 1 chloroform or MEK ^ 

Alphawipe/me thy 1 chloroform or Freon TF or MEK 
Polx 1200/tnethyl chloroform or Freon TF or MEK 

4.5 The wiper/solvent combinations of greatest potential interest for 
mineral oil were: 

Mi raclewi pe/me thy 1 chloroform or Freon TF or MEK 

Fabwi pe/me thy 1 chloroform or Freon TF or MEK 

Alphawipe/Freon TF 

Polx 1200/methyl chloroform 

Q-Tips/methyl chloroform or Freon TF or MEK 

46 All wiper/solvent systems were found to be suitable for DOP. Those 
chosenfor further study may be any which are also of interest fo 

other contaminants. 

a 7 All wirier /solvent systems were found to be suitable for vinyl tape 
adhesive , ^except Q-Tips/methyl chloroform and "iracWpe/Freon TF. 
Those chosen for further study may be any others which are also o 
interest for other contaminants. 

» a A ii wirier /solvent systems were found to be suitable for Teflon tape 
adhesi ve ^except Fahwipe /Freon TF. Those chosen for further study 
^ te X oSers which are also of interest for other contaminants. 

4 9 no one solvent was found to be suitable for all contaminants, e.g. , 
only methyl chloroform was suitable for HD-2 grease, and only Freon 
TF was suitable for fluorocarbon grease. Since MEK may be the only 
"l«nt SSattble with NBF and EPDM rubber ( to be determined in the 
nert SaS^f testing) all three solvents will be carried over for 

further study. 

4.10 No one wiper material was ideal for all the contaminants tested, j? 

KS5 interestfor Sse Sith all eight contaminants but not always 
with the same solvent. Runners-up for most universal viper were 
Mi raclewipe (a nylon), Alphawipe (a polyester), and Polx 1200 (a 
tester)! all of potential interest for seven of the eight contami- 
nants Anticon 100 (a polyester) and Q-Tips (cotton) were unsuitable 
fofhil/Sf the contaminants and will be considered for further study 

only as a back-up. 

5.0 RECOMMENDATIONS 

1 The remaining phases of ETP-0491 should be pursued nsingsn 1 table 
combinations of methyl chloroform, Freon TF, and MEK with Fabwi pe, 

Mi raclewipe, Alphawipe, and Polx 1200, in which known contaminants 
"re rSiS frcS ?es“ surfaces in a controlled laboratory situation, 

as outlined in ETP-0491. 
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, -ThP FTTR scans Generated in the first phases of ETP-0491 will serve 
as a useful library of background spectra, and should be used as an 
aid in the interpretation of future wipe spectra. 

6.0 DISCUSSION 

Tables IV through XXIII. This completed Phase I of ETP vw±. 

in the next step, samples of the six wipers chosen nn^d'oSiX) were 

four MfS extractor ' to° remove^mos t of 

h thus providing background FTIR spectra for each wiper with 

These background spectra are given in Figures 1 through 3 . . , . 

T A enopi-ra illustrate the need to pre-wash any and all wipers prior to 

OT^WicS use, OTd also iSicatethat P background Y spectra from the wiper 

clot? itself can seriously impact FTIR identification of unknown surface 
contaminants . 

Stock solutions of the eight contaminants of interest were next Prepared, 
such that 1.00 cubic centimeter contained 10 milligrams of co " ta ^™,: 

S£ “to individual 1-gram' 

5S MtL 4 -S refl" y wiS the solvent being used -d filtration to 
remove particulates, the NVR was isolated, weighed, andsubjecte 
Sr si f Results are summarized in Table III, and analytical data are 
given in* Tables XXIV through XXXI. FTIR spectra of the onginai contami 
nants prior to contact with wiper cloth are given in Figures 37 th rough 44. 
FTIR spectra of the contaminant extracts are given in Figures 45 through 

205. 

Even though all wipers were pre-washed in hopes of eliminating FTIR back- 
denr?n 3 ai^t a^of ^e^ct^aid^ln' s^T caK Se wi^ b^ckgromd 

^easfS « SSd'-T 

SSefg^ (easy for Tnovice), fair (some skill required) poor (impos- 
sible without considerable skill, experience, and access to 
SDectra) and very poor (almost impossible). As seen from the data 
Tables XXIV through XXXI, the contaminants which pose the greatest 
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challenge are HD-2 grease, Krytox fluorocarbon grease, and hydraulic oil. 
For HD-2 grease, only methyl chloroform was a suitable solvent, whereas or 
Krytox, only Freon TF gave satisfactory results. The results for hydraulic 
oil (Table XXVI) were entirely unexpected, especially the low recovery. 

The effect of boiling followed by physical agitation was explored to a lim- 
ited extent, as compared to Soxhlet extraction (repeated reflux). Results 
are seen in Table XXXII, and recoveries for hydraulic oil were even lower 
for boiling-shaking than for Soxhlet extraction. Some improvement in FTIR 
scans for HD-2 and Krytox was seen for boiling-shaking versus Soxhlet. 

These data illustrate the importance of verifying the suitability of test 
conditions for each contaminant. Once wiper/solvent choices are finalized 
for each contaminant/surface combination, extraction details may be 
optimized as outlined in ETP-0491. 
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TABLE I 



CANDIDATE WIPER MATERIALS 

Trade Name 

TVDe 

Manufacturer 

TM 

Absorbond 

Polyester 

Texwipe Company 

Upper Saddle River, New Jersey 07458 

TM 

Alphawipe 

Polyester 

Texwipe Company 

TM 

Anticon 100 

Polyester 

Thomas West Company 
p.O. Box 592 

Belmont, California 94002 

Clean-Pal™ 

Nylon 

Clean Room Products, Incorporated 
1800 Ocean Avenue 
Ronkonkoma, New York 11779 

Crew-3330™ 

Polypropylene 

Kimberly-Clark Corporation 
Roswell, Georgia 30076 

Fabwipes™ 

Cotton/Polypropylene 

Texwipe Company 

„ TM 

Foamwipes 

Polyurethane 

Texwipe Company 

. • TM 

Miraclewipe 

Nylon 

Texwipe Company 

One-Ups™ 

Cotton/polyeste r 

Berkshire Corporation 

Great Barrington, Massachusetts 01230 

Polx 1200™ 

Polyester 

Berkshire Corporation 

Q-Tips 

Cotton, glueless 

Puritan Company 
Guilford, Maine 04443 

TM 

Westwipe 

Polyester, sealed edge 

Thomas West Company 

, TM 

Wonderwipe 

Nylon tricot 

Clean Room Products, Incorporated 
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TABLE II 


ETP-0491 WIPER CLOTH CANDIDATES 
OVERALL SUMMARY OF WIPER EXTRACTION STUDIES 


Trade Name 


111-TCE 


Freon TF 


Fabwipes^ 

A 

Miraclewipe 2 

A 

Alphawipe 3 

A 

Polx 1200 3 

A 

Anticon 100 3 

B 

Q-Tips, glueless 4 

B 

Westwipes J 

B 

Absorbond 3 

C 

2 

Wonderwipe 

C 

One-Ups ^ 

C 

Clean-Pal 2 

C 

6 

Foamwipes 

C 

Crew-3330^ 

C 



Codes: A. Carryover into final phases 

B. Borderline. Retain for possible future study 
in case initial selections do not hold up. 

C. Cancel from further consideration. 

1 Cotton/polypropylene 

2 Nylon 

^Polyester 

4 Cotton 

5 Cotton/polye s te r 

^Polyurethane 

^Polypropylene 
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ETP-0491 

EXTRACTION EFFICIENCY STUDY 
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TABLE IV 

NVR BLANK EXTRACTION WITH 111-TCE 
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Total four-hour Soxhlet. Mg/gram of cloth. 

’Consecutive one-hour Soxhlets on same sample. 

*Level of residual extractables after indicated number of extractions, 
in mg/gram of cloth. 



TABLE V 

NVR BLANK EXTRACTION WITH FREON TF 



TWR-50087 
Page 11 


Total four-hour Soxhlet; mg/gram of cloth. 

’Consecutive one— hour Soxhlets on same sample. 

*Level of residual extractables after indicated number of extractions, 
in mg/gram of cloth. 


TABLE VI 

NVR BLANK EXTRACTION WITH MEK 
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‘'“Total four-hour Soxhlet; mg/gram of cloth. 

^Consecutive one— hour Soxhlets on same sample. 

^Level of residual extractables after indicated number of extractions, 
in mg/gram of cloth. 



table VII 

PARTICULATES FROM BLANK EXTRACTION WITH 111-TCE 
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^Total four-hour Soxhlet; mg/gram of cloth. 

^Consecutive one-hour Soxhlets on same sample. 

3 Level of residual particulates after indicated number of extractions, 
in mg/gram of cloth. 


TABLE VIII 

PARTICULATES FROM BLANK EXTRACTION WITH 
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1 Total four-hour Soxhlet; mg/gram of cloth. 

^Consecutive one— hour Soxhlets on same sample . 

3 Level of residual particulates after indicated number of extractions, 
in mg/gram of cloth. 


TABLE IX 

PARTICULATES FROM BLANK EXTRACTION WITH MEK 
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^Total four-hour Soxhlet; rog/graro of cloth. 

^Consecutive one— hour Soxhlets on same sample. 

3 Level of residual particulates after indicated number of extractions, 
in mg/gram of cloth. 



ABSORBOND (POLYESTER) 

CONSECUTIVE SOXHLET EXTRACTIONS ON THE SAME SAMPLE 
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AIR WEAVE BLEEDER CLOTH (POLYESTER) 
CONSECUTIVE SOXHLET EXTRACTIONS CN THE SAME SAMPLE 
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ALPHAWIPE (POLYESTER) 
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CLEAN-PAL (NYLON) 

CONSECUTIVE SOXHLET EXTRACTIONS ON THE SAME SAMPLE 
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CREW (POLYPROPYLENE) 

CONSECUTIVE SOXHLET EXTRACTIONS ON THE SAME SAMPLE 
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FABWIPE ( COTTON/POLYPROPYLENE ) 
CONSECUTIVE SQXHLET EXTRACTIONS CN THE SAME SAMPLE 
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FQAMWIPE (POLYURETHANE) 

CONSECUTIVE SOXHLET EXTRACTIONS ON THE SAME SAMPLE 
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GLUELESS Q-TIPS (COTTON) 

CONSECUTIVE SOXHLET EXTRACTIONS ON THE SAME SAMPLE 
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MIRACLEWIPE (NYLON) 

CONSECUTIVE SOXHLET EXTRACTIONS ON THE SAME SAMPLE 
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ONE/UPS ( COTTON/POLYESTER ) 

CONSECUTIVE SOXHLET EXTRACTIONS ON THE SAME SAMPLE 



S £ 
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POLX1200 (POLYESTER) 

CONSECUTIVE SOXHLET EXTRACTIONS ON THE SAME SAMPLE 
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WESTWIPES (ANTI CON 100) (POLYESTER) 

CONSECUTIVE SQXHLET EXTRACTIONS ON THE SAME SAMPLE 
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WESTWIPES (SEALED EDGES) (POLYESTER) 
CONSECUTIVE SOXHLET EXTRACTIONS ON THE SAME SAMPLE 
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WONDER-WIPE (NYLON) 

CONSECUTIVE SOXHLET EXTRACTIONS ON THE SAME SAMPLE 
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TABLE XXIV 

EXTRACTION 1 OF HD-2 GREASE FROM VARIOUS WIPER MA' 
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Figure 7. 
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Figure 14. 

MECHCL3 EXTRACT OF ALPHAWIPE 1ST 4-HR SOXHLET RDL149.004 

1.2 mg/g 
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Figure II 

MEK EXTRACT OF ALPHAWIPE FIRST 4-HOUR SOXHLET RDL 1 

3.4 mg/g 
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Figure 23 . 

MEK EXTRACT OF POLX 1200 2ND 4-HR SOXHLET RDL2147 
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